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FLIGHT PRESSURE DISTRIBUTIONS ON THE VERTICAL STABILIZERS
AND SPEED BRAKES OF THE X-15 AIRPLANE AT
MACH NUMBERS FROM 1 TO 6

By Jdon S. Pyle
Flight Research Center

SUMMARY

Flight pressure distributions are presented for the upper and lower verti-
cal stabilizers of the X-15 airplane with the speed brakes deflected up to 35°
at Mach numbers from 1 to 6 and angles of attack from 0° to 15°. Wind-tunnel
results agreed well with the flight data. Linear theories provided fair agree-
ment with the flight data when the speed brakes were retracted.

The surface loads on the upper rudder were greatly reduced at the higher
angles of attack at supersonic Mach numbers. The speed-brake normal-force and
hinge-moment coefficients decreased with increasing Mach number on the upper
speed brake. Speed-brake drag, measured from surface pressures in flight,
compared favorably with measurements obtained from accelerometers, wind-tunnel
force-balance data, and semiempirical estimates.

INTRODUCTION

The X-15 research airplane was designed for flight investigations at
supersonic and hypersonic speeds. The structural design required consideration
of both thermal and aerodynamic loads under highly transient flight conditions.
Therefore, surface-pressure orifices were installed at various locations on the
airplane to aid in the analysis of aerodynamic heating and to obtain aerody-
namic loads.

This paper, the third in a series (see refs. 1 and 2) on X-15 surface-
pressure distributions, presents flight-measured pressure digtributions for
the upper and lower vertical stabilizers with the speed brakes opened and
closed. Data are shown for Mach. numbers from 1 to 6 and angles of attack from
0° to 15°. Comparisons are made with wind-tunnel data (refs. 3 and 4) and
theory (refs. 5 and 6).

Drag data are also presented for the speed brakes at various deflections
at Mach numbers from 1.4 to 5.3 and angles of attack of 5° and 10°. These
data are compared with accelerometer measurements (ref. 7), wind-tunnel force-
balance data (ref. 8), and semiempirical estimates (refs. 9 and 10).



SYMBOLS

drag coefficient based on surface area of one speed brake,

Cgy sin (Bgp + 5°)

hinge-moment coefficient about hinge line of speed brake based on

1 ’
area and chord of one speed brake, fO (Cp - Cpb) )c—(’

normal-force coefficient based on surface area of one speed brake,

l ’
normal to speed-brake surface, jé ¢k>— Cpb)dé’

P - Dw _pd.+pl"-poo
q

pressure coefficient,
base pressure coefficient behind speed brake

bressure coefficient on the lower vertical stabilizer
Pressure coefficient on the upper vertical stabilizer

local vertical-stabilizer chord, streamwise, ft
local speed-brake chord, streamwise, ft
free-stream Mach number

local static pressure, pg + Dy, 1b/sq ft absolute
measured differential pressure, p - p,, 1b/sq ft
measured reference pressure, 1b/sq ft absolute

free-stream static pressure, lb/sq ft absolute

free-stream dynamic pressure, O.7M2pm, lb/sq ft absolute

distance rearward of leading edge of local chord parallel to Pplane
of symmetry, ft

distance rearward of speed-brake hinge line parallel to plane of
symmetry, ft

vertical-stabilizer station, measured from fuselage centerline, in.

airplane angle of attack, deg



A root-sum-sqguare error

Oh horizontal-stabilizer deflection, deg

93B speed-brake deflection, deg

By deflection of movable vertical stabilizer, deg
€ standard deviation

DESCRIPTION OF AIRPLANE AND MODEL

Airplane

The X-15 airplane (figs. 1 and 2) is a rocket-powered research aircraft
designed to attain hypersonic speeds and altitudes in excess of 250,000 feet.
A detailed description of the airplane and its control systems is presented in
reference 11.

The vertical stabilizers are 10° single-wedge surfaces extending from the
upper and the lower surfaces of the fuselage (figs. 1(b) and 3). Each stabi-
lizer has three parts: (1) the stationary base, (2) a pair of speed-brake
panels on the rear porticn of the stationary base (shown as crosshatched areas
in fig. 3) that open to 35°, and (3) a movable portion (rudder) for direction-
al control. The lower rudder is jettisoned for landing.

The horizontal stabilizers (fig. 3), which are used for pitch and roll
control, are movable surfaces extending from the side fairings. The root
chords of the stabilizers are 3.54 feet from the fuselage centerline. The
landing skids (figs. 1(a) and 3) are folded to the exterior surface of the
fuselage during flight and are extended before landing. Pertinent dimensions
and physical characteristics of the vertical and horizontal stabilizers are
presented in table I.

Model

The 0.0667-scale pressure-distribution model of the X-15 used in wind-
tunnel tests at the NASA Langley Research Center (refs. 3 and 4) did not have
landing skids. The horizontal stabilizer was fixed at a deflection angle of
0°, and the speed brakes could be set at only two positions, 0° and 35°.

INSTRUMENTATION AND ACCURACY

Airplane

The surface-pressure orifices on the X-15 vertical stabilizers (fig. 3)
consist of l/h—inch inner-diameter tubing normal to and flush with the exter-
nal surface of the skin. Each orifice is connected to standard NACA 24-cell



mechanical-optical manometers by l/M-inch inner-diameter tubing. Tubing
lengths ranged from 5 feet to 20 feet. Since data were obtained under quasi-
steady-state flight conditions, the time lag in the system was considered to be
negligible, on the basis of the study in reference 12. Because of the limited
number of measurements that can be made during a flight, complete coverage of
all orifices cannot be shown in each figure. Only one side of the vertical
stabilizers were instrumented with pressure orifices.

Surface pressures were measured with differential-pressure cells having a
root-mean-square error of *10 lb/sg ft. The reference pressure (instrument
compartment) was measured with absolute-pressure cells having a root-mean-
square error of #6.5 1b/sq ft. These errors were combined by taking the square
root of the sum of their squares to give the estimated root-mean-square error
in the measured surface pressures. The following estimated errors in other
guantities pertinent to this investigation were obtained from reference 13:

Apm,lb/sqft............................io.oupoo
A v e e e s s s e e e e e e e e e e e e e e e e e e £0.07
M, Z v v v v i e s e e e e e e e e e e e e e e e e e e +0.50

The standard deviation in the pressure coefficient eCp (eq. 37 of

ref. 14) was determined from the root sum square of each of the individual
errors in the measurement

AN, 2 (32 5 [3N2 5 facn\ 1/
€Cp = <5—1§) Apd_ + (859%) Apr + (gp;;%) Np,~ + (ﬁ) AMQ ( l)
Pqg 4 P _ D

q
substituting the resulting values into equation (1) gives

1\° 2 2 Pg + P\° o I 1/
€Cp = [(@) <Apd + Ap. + (TE) Apy, + E(pd + Py - pQ)EAMQ)] (2)

The standard deviations in pressure coefficients calculated from, equation (2)
for a typical low Mach number condition (M = 1.2, « = 10°, q = 500 1b/sq ft)
are *0.05 with the speed brakes closed and +0.08 with the speed brakes ovpen.
At the higher Mach numbers (M = 2.3 and 4.7, o = 15°, g = 500 1b/sq ft), the
maximum €Cp varies between +0.03 and +0.05 with the speed brakes closed and
opened, respectively. The values from equation (2) decrease with increasing
Mach number and dynamic pressure and increase with increasing angle of attack.
Although « does not appear in equation (2), the values of pressure coeffi-
cient are dependent upon angle of attack.

2]

Differentiating Cp = with respect to the individual errors and

Model

The maximum probable error in the wind-tunnel pressure coefficient
reported in reference 2 varied from #0.018 at M = 2.3 +to *#0.033 at M = L.65.

b



The meximum deviation in Mach number was #0.02 at M = 2.3 and M= 2.8, and
+0.05 at M = 4,65. Angle-of-attack and sideslip errors were not presented in
references 3 and 4.

TEST CONDITIONS

Airplane

Data were obtained up to an altitude of 100,000 feet {p, > 20 Ib/sq ft) .

The data presented herein were chosen from time intervals in which the dynamic
pressure was equal to or greater than 500 lb/sq ft, with the exception of Mach
numbers below 2.3 for which usable data were limited. To minimize sideslip
effects, the data were selected from flight conditions for which the angle of
sideslip was less than 1° and the movable rudders were undeflected (8, = 0°).

The speed brakes can be opened or closed to any desired angle within 0° to
35°; however, when opened they are usually at maximum deflection (35°). Since
the opening rates for the speed brakes are slow, data were obtained at 5°
intervals during the opening. The data presented were chosen during the
intervals in which the rate of horizontal-stabilizer movement was within
1 deg/sec. The landing skids were folded in flight position, and the lower
rudder was attached during all data acquisition.

Model

The wind-tunnel tests with the 0.0667-scale model were conducted in the
8-foot transonic pressure tunnel (ref. 3) and the Unitary Plan tunnel (ref. 4)
at the NASA Langley Research Center. The configuration of the model was the
same as the flight vehicle with the exception of the landing skids, which were
omitted on the model.

The test conditions for both the flight and wind-tunnel data presented
herein were as follows:

Wind tunnel Flight

M a, deg | Bgp, deg M a, deg bgp, deg

1.0]5, 10, 15 0 1.0f5, 10, 15 0

1.2|0, 5, 10 0 1210, 5, 10 0

[ IR, -- 1.2]5 »

U I - 1.4]5, 10 5, 10, 15, 20, 25, 30, 35
I [ -- 1.8] 10 5, 10, 15, 20, 25, 30, 35
2.3]0, 5, 10 0 2.3]10, 5, 10 o

2.3} 0, 10 35 2,310, 5, 10 3

[ [, -- 2.515 5, 10, 15, 20, 25, 30, 35
3.010, 5, 10 0 3.010, 5, 10 0

3.0] 0, 10 35 3.010, 5, 10 35

IO (R b 3.0]5 5, 10, 15, 20, 25, 30, 35
PN I -- 4,010, 5, 10 0

U - L.o}o, 5 10 H

I R - 4515, 10 5, 10, 15, 20, 25, 30, 35
k.70, 5, 15 0 4,710, 5, 10, 15] 0

k7115 35 L7155 10, 15 3%

O - 5.0]5, 10, 15 0

JEE S — -- 5.215, 10, 15 35

U ISR - 5.3]5 5, 10, 15, 20, 25, 30, 35
[P R - 6.0]0, 5 0




RESULTS AND DISCUSSION

Pressure Distributions

Pressure distributions on the vertical stabilizers, measured during sev-
eral X-15 flights, are presented in figures 4 to 6. Data are shown for Mach
numbers from 1 to 6 and angles of attack from 0° to 15° with the speed brakes
undeflected (dgp = 0°, figs. 4(a) to k(h)), partially deflected (8sB = 30°,
fig. 5(b)), and fully deflected (dgg = 35°, figs. 5(a) and 5(c) to 5(g)) .
Speed-brake data were obtained at 5° increments while the brakes were being
deflected. The data are summarized at four speed-brake positions in fig-
ures 6(a) to 6(e). The speed brakes are shown as crosshatched areas when
deflected (figs. 5 and 6). The locations of the horizontal stabilizer and
landing skids are shown in each figure, since both components have a noticeable
effect (discussed later) on the chordwise pressure distributions. Table IT
Presents a complete listing of the analyzed data that were obtained while the
speed brakes were being opened.

Wind-tunnel data for the vertical stabilizers (®, = 0°, no landing skids)
are included in figures 4(a) to (d) and 4(f) and figures 5(¢), (d), and (f) for
comparison with flight results. The pressure gradients (Change of pressure
coefficient with chord length) are most promirent at the transonic Mach numbers
and when the speed brakes are deflected. The gradients from the model and full-
scale vehicle tests compared favorably. The comparison of flight and wind-
tunnel pressure-distribution profiles indicates the Presence of localized
effects due to stabilizer deflection in flight and the addition of the landing
skids. The increase in the flight pressure coefficient shown in figure 4(4)

(o = 10°, fourth orifice rearward from leading edge on lower stabilizer) is
believed to be caused by a shock wave from the landing skids. This effect
moves rearward with the increase in Mach number. The upper stations do not ex-
Perience the effect because of the presence of the side fairing. The inter-
Terence caused by deflection of the horizontal stabilizer can be seen by the
comparison of wind-tunnel results and flight pressure distributions in fig-

ure 5(c) (& = 0° and 10°) in the vicinity of the trailing edges of the upper
and lower speed brakes. The compression from the upper leading edge of the
horizontal stabilizer causes the flight pressures to be greater than the wind-
tunnel values on the upper speed brake; whereas, the expansion over the lower
leading edge of the horizontal stabilizer causes a reduction in the flight
pressures on the lower speed brake. These effects can be seen when the speed
brakes are closed, although they are most prominent when the speed brakes are
deflected into the fuselage flow field. In view of the differences in config-
uration between the model and the full-scale vehicle, the pressure coefficients
show good agreement.

Summary plots of the basic data of figures 4 and 5 are Presented in fig-
ures 7(a) to 7(d). Of interest are the increases in pressure coefficient (com-
pressions) over the forward portions of the upper vertical stabilizer at the
transonic Mach numbers (figs. 7(a) to 7(c)). These compressions are believed
to be caused by shock waves from the horizontal stabilizer and, as shown,



disappear with increasing Mach number. Opening the speed brakes displaced the
region of compression rearward.

Compariscn With Theory

The locations of the vertical stabilizers on the X-15 airplane make the
prediction of pressure distributions on thelir surfaces difficult. Comparisons
of results from two-dimensional (ref. 5) and linear (ref. ©) theories with
flight data are shown in figures 8(a) and 8(b) for Mach numbers of 2.3 and k.7.
Linear theory, which considers the effects of the Mach wave interference from
the roo*t juncture and stabilizer tip, generally approximates the values mea-
sured during flight. However, two-dimensional theory does not account for the
Mach wave interference and, therefore, overpredicts the values of the pressure
distributions at the root and tip stations. At the midchord, where the flow
is nearly two-dimensional, theoretical and experimental results are generally
in good agreement. When the speed brakes are deflected (figs. 8(c) and 8(d)),
the theories do not give adequate predictions of the pressure distributions
over the speed-brake surfaces.

Surface Loads

The effect of speed-brake setting on the chordwise section loads calcu-
lated for one side of the vertical stabilizers is shown in figures 9(a) to
9(a). On the tip and midchords (figs. 9(a) and 9(b)), opening the speed
brakes does not significantly affect the loading (except at M = 1.0, « = 5°).
The increase in section loads at the transonic Mach numbers is caused by the
compressions discussed on page 6 and shown in figures 7(a) and 7(b). The com-
parison of the opened and the closed speed-brake section loads on the upper
and lower root rows (figs. 9(c) and 9(d)) shows large differences due to the
change in speed-brake deflection.

The surface pressures on the upper rudder were found to decrease with
increasing angle of attack due to the reduced energy of the flow around the
rudder, since the rudder is in the flow field of the fuselage ana side fairing.
At the supersonic Mach numbers, the loss of pressure czuses a complete loss
of surface load on the upper rudder (fig. 10) and a consequent reduction in
the effectiveness of the upper rudder for directional control. To show the
reduction in surface loading, wind-tuanel data were used to obtain the ratios
shown in figure 10, since there are no surface-pressure orifices on the
lower rudder of the full-scale vehicle.

As shown in figure 10, at zero angle of attack the loading on the upper
and lower rudders is avproximately the same (the ratic of loading varying be-
tween 0.8 and 1.2), regardless of the speed-brake setting. However, as angle
of attack is ircreased, the loads on the upper rudder are greatly reduced &t
the supersonic Mach numbers as a result of the negative pressure coefficients
measured on the upper rudder. At the transonic Mach numbers, the compressions
near the leading edges (mentioned vreviously) produce approximately equal
upper- and lower-rudder surface loads for the angle-of-attack range of this

paper.



Speed-Brake Loads

The speed brakes are basically flat plates deflected into the streamwise
flow. By assuming that the spanwise pressure profiles were level across the
face of the plate and the base pressure was level across the back (interior)
side of the speed-brake section, approximations of the section normal-force
and hinge-moment coefficients were obtained as shown in figures 11 and 12, re-
spectively. An increase of the coefficients with speed-brake deflection is
noted for each Mach number. Also, a general reduction of the coefficients is
evident on the upper speed brake as the Mach number increases; however, the
coefficients on the lower speed brake show similar increases at the supersonic
Mach numbers.

The increase in incremental drag, calculated from the speed-brake loads,
is presented in figure 13 as the speed brakes are deflected into the stream-
wise flow. Some of these data are compared in figure 14 with accelerometer
data from reference 7 and wind-tunnel force-balance data from reference 8.
Also shown are semiempirical estimates of drag based on the data in refer-
ences 9 and 10. The flight-measured surface pressure drag and the acceler-
ometer drag show good agreement and compare favorably with both wind-tunnel
force-balance data and semiempirical estimates.

CONCLUSIONS

Measurements of surface pressures over the upper and lower vertical sta-
bilizers of the X-15 airplane at Mach numbers from 1 to 6 and angles of attack
from 0% to 15° indicated the following:

1. Pressure gradients from flight and wind-tunnel tests compared favor-
ably. Good agreement was also shown between flight and wind-tunnel pressure-
coefficient values.

2. In general, with the speed brakes retracted, fair agreement was ob-
tained between flight-measured surface pressures and linear theory.

3. The surface loads on the upper rudder were greatly reduced at the
higher angles of attack and at supersonic speeds.

L, A general reduction of normal-force and hinge-moment coefficients on
the upper speed brake was noted as Mach number increased.

D. The drag values derived from flight-measured surface pressures and
accelerometer measurements obtained from the speed brakes compared favorably
with wind-tunnel force-balance data and semiempirical estimates.

Flight Research Center,
National Aeronautics and Space Administration,
Edwards, Calif., July 30, 1965.
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TABLE I

PHYSICAL CHARACTERISTICS OF THE X-15 AIRPLANE

Vertical stabilizers —

Upper Lower

Airfoil section . + « « « v + « « « . . 10° single wedge 10° single wedge
Total area, S Tt « « « o o + o« o « o « o « « . . L0001 3L 41
Total SDAN, TE v « & o o o s o o o 0 4 e e e e 4.58 3.83
Mean aerodynamic chord . « . « « o ¢ « « + o . . 8.95 9.17
Root chord, f£t . ¢« « ¢« ¢ ¢« ¢ ¢ ¢ & ¢ v ¢ o & . 10.21 10.21
Tip chord, ft . . . . . e e e e 7.56 8.00
TLength of surface-pressure chords, ft

ROOL v 6 v 6 o o o o o o o o s s o o « o « 9.75 9.75

Mid o 6 v o v e e e e e e e e e e e e e 8.6  —----

TID v o v v v v o e e e e e e e e e e e 7.7% 0 —eeea
Taper T8tio v v v v v v v e b e e e e e e e e 0.74 0.78
Aspect ratio . . . e e e e 0.51 0.43
Sweepback of leading edge, deg 30 30
Sweepback of hinge line, deg 0 0
Sweepback of trailing edge, deg . . .« e 0 0
Area of control surface, sq ft . . . . . . . . . 26.45 19.95
Deflection of control surface, deg . . . . . . . +7.50 +7.50
Span of control surface, £t « « v v « « « « « « . 3.13 2.38
Speed brakes, upper and lower:

Airfoil sectionn &« « « + + « o o ¢ & « o « » Integral portion of stabilizer

Total area, s5q Tt « « ¢ ¢ ¢ o ¢ ¢ o o & 4« o o &+ o o o . e e 5.37

SPAN, TE o o o o o o o o 6 6 e e s e e e e e e e e e . e 1.46

ChOTA, L o o o o o o o o o o o « o s o o o o o o o s 3.38

Taper ratio v v « v v v e v e e e e e e e e e e e e o 00 1.00

Aspect ratio . . . . e e e e e . 0.h42

Sweepback of hinge llne, deg e e e e e e e 0]

Deflection, deg « + « « « o o o o o o o « « & 35

Horizontal stabilizers —

Airfoil section . . . . « + .« . . NACA 66005 (modified)
Total area (includes 63 29 sq ft covered by

fuselage), S TL o o o « o o o 0 4 e 4 e e 040 e .o . . 115.34
STPAN, T 4 v o o 0 4 s e e e e e e e e e e e e e e e e 18.08
Mean aerodynamic chord, ft .o . e e e e e e e e s 7.05
Root chord, £t . + v v ¢ v ¢ v v o v ¢ o o o o o o s 10.22
Tip chord, ft . 2.11
Taper ratio . . 0.21
Aspect ratio . . . e e e e e e e e 2.83
Sweep at 25-percent- chord llne, deg e e e e e e e e 45
Dihedral, deg . . . e e e e e e -15
Ratio horizontal- tall area to w1ng area . 0.58
Movable surface area, sq £ « « ¢ ¢ ¢« ¢ ¢ o ¢ « & + 51.77
Deflection:

Longitudinal, up, Aeg + + « « « o o & o s+ o o o & & s 4 4 e . e 15

Longitudinal, down, deg « « « « ¢ o o ¢ o o o o o s o o o« o e . 35

11
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TABLE 11
TABULATED SURFACE-PRESSURE DATA FOR DEFLECTED SPEED BRAKES

[M =14, a=5°, 8&,=-9°, &y =0°

z, in. Cp on vertical stabilizer
X
Upper Lower c Osps deg
surface surface 5 10 15 50 o5 30 35
-37.5 L 1o.k1 ]| 0.40 | 0.40 | 0.h2 | o.44 | 0.47 | 0.49
15 .31 .31 .28 .29 .32 .37 .38
21 .18 .16 L1h .13 .15 .20 .31
32 .18 .18 .18 .20 .18 .16 17
48 .08 .08 .07 .07 .10 .06 .09
53 .07 .07 .06 .07 .07 .12 .15
59 .02 0210 .20 .10 .22 .32
64 .03 .09 12 .22 .36 .56 .73
68 .26 49 oy .83 .90 | 1.03 | 1.10
70 .28 A48 .61 .78 10 | 1.43 | 1.70
77 24 .32 Lk .59 75 1 1.06 | 1.15
8y | -.05 A1 .20 Ao RIe 81 .95
97 | -.0k .07 A4 .28 L2 .75 87
37.5 bl -.02f -0 | -02 ) -.03 | -.00} -.04 ] -.03
15 | O -.03 1 -.00 | -.02 | -.00| -.02} -.01
21 | O -.02 | -.00 ] -.02 ] -01 | -.00} -.02
32 .06 .05 .05 .08 Ok .0k .05
48 .11 .10 .10 .11 .13 .16 20
53 .13 .13 .09 .16 25 .35 48
59 .15 .15 .16 .2k 46 .76 .85
64 .19 .19 .35 .53 .66 82 .90
68 .37 62 .72 .83 .93 | 1.19 | 1.32
70 .32 .59 .66 86 1 1.03 ] 1.8 | 1.76
77 .13 .22 A1 .55 671 1.06 | 1.21
8h .12 .16 .32 RITS) 57 Oh ] 1,10
97 .20 .29 .33 Lo .56 8o .ok
60.5 6 .01 ] o 0 -.01}) -.02 | -.03 | -.02
15 Neil .01 01| -.01 ] -.02 | -.03 ] -.00
25 .02 .01 Neil 01 ] 0 .04 .03
30 .06 .05 .03 ol .03 .08 .05
52 .06 .07 .06 .07 .10 .36 L7
68 .16 .19 .25 .31 .34 il .61
84 .15 .16 .19 .20 21 .20 24
92 .09 .09 .08 .08 .06 .02 .07
78.5 6 .01 ] o 0 0 -.01 .01 | -.01
15 .01 {0 .01 ] o0 .01 .03 .02
54 .07 051 0 .02 .08 27 .32
72 .15 .15 .18 .21 .25 .32 L5
90 .13 .13 .15 .15 .16 .18 .20




TABLE II.— Continued

[M=1.4, a=10° &= -12°, &y = 0°]
Z, in. Cp on vertical stabilizer
X
Upper Lower | ¢ Psps O€8
surface surface 10 15 o0 o5 30 35
-37.5 L | o.48 | 0.7 | 0.48 | 0.45 | 0.43 | 0.4k | 0.L5
15 .33 .35 35 .36 .36 .36 .37
21 .20 .18 .19 .20 .20 .19 .20
32 .23 2L 27 .27 .25 .26 .28
L8 .07 .06 .07 .05 .09 .08 07
53 .09 ey .08 .09 .09 .09 .09
59 .01 .03 21 .25 .10 .20 A3
64 .06 .0k .06 .06 L1k .30 45
68 .30 .55 .63 .62 el .82 .89
70 27 A1 61 .82 B85 | 1.05 | 1.22
77 .18 2oL .38 43 62 77 .01
g | -.15 | -.03 11 .19 .30 A5 .61
97 | -.02 02 11 .21 .34 e .53
37.5 vyl -5 | -k} -5 -6 | -1 ] =015 ) =015
15| -0 -.09| -.08]-.221]-.09]-.081]-.08
01| -0 -6} -.09] -.12 | -.081] -.081] -.09
3| -0} -.00}) -2} -21| -.22 ) -.11 | -.11
48 .15 .15 .16 .16 .07 .15 .26
53 .19 .18 .18 .23 .25 .30 .35
59 .22 .22 .21 .30 43 51 55
64 .25 27 A3 .53 .59 .63 .68
68 .31 .55 .66 .76 .90 .94 .98
70 .30 .49 .63 .73 86 1 1.02 | L.24
7 .19 .31 T .55 .65 77 .89
84 .10 17 27 4l 5S4 .63 .72
97 .03 .11 .28 .39 L6 .53 .60
60.5 6| -.06| -.08|] -6 -.05]-.01]-.061]-.05
15 | -.08| -.09{ -.10} -.08}| -.07 | -.06 ] -.06
o5 | .06 | -.08] -.09| -.08} -.08} -.07 | -.06
30 | -.03| -.06] -.06| -.06] -.06]-.06]-.05
52 .15 b .15 .15 .15 .16 17
68 .20 .25 .30 .33 .36 .38 RITy)
84 .18 17 .18 .19 .20 .20 .16
9| -a21)] -.10] -.08] -.o1| -.06 | -.05 | -.0k
78.5 6{-.06|-.07|-.08]1-.06]-.06-.05]-=-.04
15| -09}) -.112| -.10| -.09 | -.09| -.08 | -.07
54 1k .13 1k .13 .15 .16 17
72 .15 17 .19 .21 .23 .26 .29
90 11 .12 L1k Ak .16 15 .16

13



TABLE IT.— Continued

[M=1.8, a=10°, 8, = -15°, &y = 0°]

z, 1in. Cp on vertical stabilizer
X 5ap, 4
Upper Lower c SB» deg
surface surface 5 10 15 50 o5 30 35
-37.5 L 1 0.28 | 0.29 | 0.30 | 0.28 | 0.25 | 0.23 | 0.21
15 .38 .38 .38 Lo .38 .38 .36
21 .25 .26 .25 .26 .29 .29 32

32 .25 27 27 .28 25 .25 .28
48 .15 .15 .18 .18 .18 .18 .18

53 .15 .16 .15 .18 .22 .21 .23
59 .07 .08 .09 .19 Al RN A
64 12 .10 .13 12 .17 .30 4o

68 .30 .50 .65 .65 .66 .67 .69
70 .19 .33 .53 65 L4 .84 9L
77 .23 .33 Rite) .55 .65 .76 | 1.01
84 .05 .13 .23 .30 Lo 57 67
97 | © .07 .09 .19 .29 .39 .59
37.5 bof -0k fo-ioh | —io5 | -L03 | -.07 | -.06 | -.05
591 -.0 ] -.051]-.06]| -.07})-.06] .04 ] -.,05

21 | -.06 | -.06 | -.07 | -.08 | .08 -.ok | -.05
32| -.081-07] -.08| -.081 -.081] -.06] -.06
Ll -6 | -6 | -.08) -.07 | -.11 -.07 | -.09
53 f -0k | -6} -.05 | -.05 | -.05 ] -.04 | -.0b

59 1 0 0 .OL .05 27 .28 27
64 .10 .15 .23 .25 .29 .27 2k
68 .30 4o 57 60 62 .65 .70
70 .30 A5 65 ol .90 .96 | 1.04
77 26 4o 61 .73 .83 | 1.03 | 1.12
84 .20 .35 .51 .63 .73 .79 Lok
97 .18 27 RIS 51 .58 CTh .88

60.5 6| -.02| -0 -.02| -.03] -.03] =02 | -.01
51 =02} -.021 -.03| -.03 | -.0k | -,03 | -.03
a5 1 -0 -0k =05 -.05{ -.05) -.02 | -.01
301 =07} -6 ~06)| -.07) -.06]| -.02 | -.01
521 -.09 | -.09 | -.09 | -.09 | -,10| -.09 | -.09

68 .09 .10 .10 .10 .08 06 .06
8l 21 2L 2k 2k .25 .26 27

@2 | -.02 |0 02 Jd1 12 .12 11
78.5 610 01| -.01 01 ] o .02 .03
15 1 -.02 | -.02 | -0k | 03] -.03 | -.03 | -.03
541 -.08 ] -.081 -.09] -.10| -.10] -.09 -.07
72 -.02 ) =03 -.02 | 0 .05 .06 LOL

90 .06 .07 .06 .12 .15 Sk .12




TABLE IT.— Continued

(M =2.5, a=5", &=-7°, oby=0°]

z, in. Cp on vertical stabilizer

X

Upper Lower c bgp, deg

surface surface 5 10 1o 20 o5 30 35

-37.5 4 | 0.0 | 0,12 | 0.12 | 0.11 | 0.12 | 0.14 ] 0.13

15 .08 .09 .09 .09 .09 .10 .10
21 .15 L1k .12 .12 12 A2 12
32 L1k .15 .15 .16 .16 .17 .18
L8 .08 .09 .08 .09 .10 11 .12
53 .08 .08 .07 .08 .08 A1 12

59 .06 06 .06 .07 .07 .15 .20
6l .05 .07 .08 .08 14 .27 .32
68 i .28 A1 .58 .70 .73 .76
70 .06 .25 .37 .50 .70 % | 1.09
7 L1k .23 .29 45 67 .89 .ok
84 .08 .16 .23 .34 .55 75 87
97 | -.03 .03 J1h .20 .34 51 .80

37.5 4 .05 .06 .03 .Oh .01 .03 .03
15 .0k .04 .02 .02 |0 011} o0
21 .01 02| o 01| -.0o1 | -.01} -.01
32| -0 | 02| .02 -02 | -.02 ] -.02 ] -.02
Wi -.o0 ] -.03| -.04 } -,03 | -.00 | -.04 | -.0k
53 | -.01 | -.02 | -0k | -.04 | -.04 ) -,04 | -.Ok
59 | -.02 | -.02 Ok | -0k | -0k | -.03
64 | -.05 | -.05 03] -0k | O .16 .20

68 .09 .12 .26 .32 .3b e .50
70 .10 .32 .39 4o Ay .70 .82
7 .05 .17 .30 .36 A7 .84 9%
8L .Ob 14 .28 .32 A7 .76 .86
97 .05 .12 .25 .33 .48 e .80
60.5 6 .OL .Oh .05 .Oh .04 .05 .05
15 .04 .Oh .05 .04 Nollt .05 .05
25 Ok .05 .06 .0k .03 .05 .05
30 Ok .05 .06 Nolt .05 .06 .05

50 .01 .01 .01 01} -.02] 0 0
681 0 0 0 -.0r | -.02| -.02 | -.01
841 -.02 ] o0 -.01 | -.02 ] -.02] 0 -.01
92 .03 10 -2 | -.02) -.0210 -.01
78.5 6 .07 .07 .07 .06 .07 .07 07
15 .05 .06 .05 06 .06 .06 06
5k oL ]| o 0 0 -.02 | -.02 | -.02
71 o0 0 0 0 -2 | -.02 ] -.02




TABLE II.— Continued

[M=3.0, a= 5%, ®p = -8°, By = 0°]

z, in. Cp on vertical stabilizer
X
Upper Lower c Ssps deg
surface surface 5 10 15 50 o5 30 35
-37.5 L | 0.13 | 0.11 | 0.12 | 0.11 | 0.13 | 0.12 | 0.12
15 .09 .09 .07 .07 .08 .08 .07
21 .09 11 .09 .08 .09 .10 .08
32 .15 .16 14 .13 .16 .16 .16
48 .09 .10 .07 .07 .10 .07 .10

53 .07 .08 .06 .06 .08 .10 .13

68 | v ;2| 50| sk| ol |
70 .07 .19 .31 A7 64 .73 el

e

84 :17 :31 .33 :38 :52 :64
97 .07 .10 .19 24 4o Sk .15

37.5 L .03 .03 .05 Ok .05 .06 .03
15 .ok .0k .05 .0k .05 O 1o
21 .03 .03 .03 Ok .ok .03 10
32 03 .02 .02 ok .02 o1 ]o
4B | o .02 .02 03 | © 0 0
53 1 0 .02 .02 .03 ]0 0 0
59 | 0 .02 .02 0310 0 0
64 .02 .01 .02 .03 0L A4 .12

68 .07 .10 22 .30 .37 43 .53
70 .07 .22 .27 e .53 .62 .65
77 .03 .12 .23 .37 .59 .69 .83
S .03 .10 .21 .34 L7 .66 .75
97 Nol .08 .17 .24 RITS .59 .65
60.5 6 .06 .06 .06 .07 .06 .06 .05

25 108 :08 .06 :08 :07 :07 :05

30 .10 .10 .09 .09 .09 .10 .05
52 .02 .ok .03 .05 .03 .03 .01
68 .02 .03 .03 .05 .03 .03 |0
84 .02 0210 ol 02 .03 .01
92 .01 02 | -.01 .04 .02 .02 .01
78.5 6 .08 .08 .08 .09 .08 .07 .07

15 .08 .08 .07 .07 .07 .07 .05
54 .03 .03 .03 .Oh .Ob Ol .02
72 o~ .02 .02 Noll ol .03 .01




TABRLE II.— Continued

(M= l"-5: a = 50: Oh = "50: Oy = 0°]
Zz, 1in. Cp on vertical stabilizer

X

Upper Lower c SsB, deg

surface surface 5 10 15 50 o5 30 35

=37.5 4 | 0.09 | 0.10 | 0.09 | 0.08 | 0.09 | 0.08 | 0.08

15 .02 .03 .03 .03 .03 .02 .01
21 .03 .05 .03 .02 oLl .02 .03
32 .07 .08 .06 .06 .07 .05 .10
48 .08 .08 .08 .08 .09 .07 .06
53 .08 .09 .08 .08 .09 .10 Jd1
59 .05 .05 .06 .05 .09 .18 .26
64 06 .05 .05 .05 .05 .06 .15
68 12 .18 .28 4o 43 Ak 48
70 12 .20 .30 43 .60 75 .83
7 .16 .28 A1 ST %} 1,09 | 1.65
84 .13 .23 .36 49 .69 b5 1 1.21
97 .09 b .28 .36 60 71 86

37.5 L Ol .06 Ol .03 .02 .05 .02
15 .01 .02 .02 .01 011} 0 .02
21 | © .01 .01 | o0 0 0 .02
32 | 0 0 0 0 0 0 0
48 .02 .02 011} o0 0 .01 | O
53 .01 .02 0210 0 0 0
59 .01 .01 0210 0 0 0
64 .01 .01 0210 0 .06 .08
68 .08 1k .19 .28 .33 .38 Bite)
70 .09 .15 .23 .32 .35 55 .58
il .08 .15 .23 .33 A1 A6 bk
84 .08 .15 2k .32 .38 A3 .60
97 .05 .13 .25 .28 .37 A3 .58

60.5 6 .05 .05 Nel .ok ol .05 .05
15 .05 .05 Ol 0oL Ok .05 .05
25 .05 .07 .07 .06 .Ob .05 .05
30 .05 .07 .07 .06 Ok .05 .05
52 .05 .03 .03 .03 .03 .03 .02
68 .05 ol Nolll ol .03 .03 .02
84 .04 .03 o) .03 .03 .03 .02
92 .02 .01 O | -0 .03 .03 .02

78.5 6 06 .06 .07 .06 .06 .05 .05
15 .05 .05 .05 .06 .Oh .05 02
54 .02 .01 .02 .02 Neik 02 1o
72 .02 .02 02 .02 .01 0210
90 .02 .01 02 .02 .01 02 |0
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TABLE ITI.— Continued

[M = k.5, a=10°, &, = -11°, &y = 0°)

z, in. Cp on vertical stabilizer
X
Upper Lower c bsps deg
surface surface 5 10 15 50 o5 30 35
-37.5 L louae oz | ok | ok [ 0.23 ) 0.1k | 0.15
15 .03 .02 .03 .04 .03 .0k .03
21 .0k Ok Ol .06 .05 .0k .06
32 .08 .07 .10 1 .10 .10 .11
48 .10 .11 .13 .11 .12 11 .15
53 L1k L1k .16 15 L1k .15 .18
59 .06 .06 .09 .08 .10 .09 .10
6l .08 .08 .10 .10 .12 .20 .38
68 12 21 .3k A48 .59 .62 .65
70 06 .16 .35 51 .73 .8l .90
77 .20 .30 L7 69 | 1.0k | 1.40 | 1.94
8L 15 .25 L7 6h 92 | 1.12 | 1.60
97 .1k 22 .36 Sk .70 86 1 1.11
37.5 b .03 ]0 01 |0 0 0 0
15 0L} =00 o0 0 0 0 -.01
21 | o -.01 | -.01 03] 0 -.01 | -.0p
32 | -.01 | -.02 | -.00 .03 1 -.03 | -.02 | -.03
L8 1 -.01 | -.01 | -.03 03] -.03 | -.03 | -.03
53 | -.01L | -.03 | -.02 03] -.03| -.03 | -.03
59 | -.02 | -.02 | -.03 .03 [ -.03 | -.03 | -.03
6h | -.02 | -.02 | -.02 O | -0k | -0
63 | -.03 | -.01 .Oh .10 1 .13 .16
70 .01 .03 .07 .13 .17 .20 27
7 .01 .05 .09 L1k .22 .28 .35
/N .02 .02 .07 .08 .20 .31 RIS
97 .01 .01 .06 .16 .29 .30 .31
60.5 6 .03 .02 .03 .03 .02 .03 .03
15 .01 ] o .0L 01| o 0 .01
25 .03 .03 .Oh .Ob .01 .02 .02
30 .03 .03 .0k Ok .01 .01 .02
52 0L ] 0 .01 011 0 0 -.01
68 .02 .01 .02 .02 .01 .01 .01
8l .02 .02 .01 0L | o 0 .01
o2 .02 .02 .01 01 ] 0 0 .01
78.5 6 o) .04 ol .05 .05 .05 .05
15 .04 .03 .03 .03 .03 .03 .02
54 .01 .01 .01 0210 0 0
72 .01 .01 .01 01| o 0 0
90 01| o .01 01| o 0 0




TABIE II.— Concluded

[M =5.3, a=5° 8 =-5°, &y =20°]

z, in. Cp on vertical stabilizer
X
Upper Lower c dgps deg
surface surface 5 10 15 50 5 30
-37.5 L {0.08 | o0.07 | 0.07 | 0.07 | 0.12 | 0.08
15 .03 .03 .02 .02 .03 .02
21 .03 .03 .02 .03 .06 .02

32 .Ok4 .05 .03 .0k .06 .04
48 .05 .06 .0l .05 .06 .07
53 .05 .06 .04 .05 Ok .05
59 .02 .03 .02 .02 .02 oz
6h Ol .Oh .05 .05 Oh .15
68 .10 17 .22 .28 .35 i)
70 | O .16 .19 .31 .59 65
77 .18 .30 .36 61 .90 | 1.15
84 14 .26 .34 .53 .82 .6

97 11 .20 .17 4o 61 .70
37.5 L .Ob .03 .03 .03 .01 .01

15 .02 .02 .03 .02 .02 .01

21 .01 .01 .03 Neik .01 .01

32 .01 .02 .01 .02 .01 .01

48 .01 No= .01 02 |0 0

53 .01 .02 .01 02 10 0

59 .01 oA .01 02 10 0

6k .01 .02 ol .05 .05 .03

68 el 11 L1 22 .28 .32

70 .05 a1 .15 2k .28 -39
77 .06 A1 .19 .26 .30 Lo
8l .07 11 .19 .26 .30 Lo
97 .07 .13 .18 26 .30 4o
60.5 6 .03 .04 LOL .03 .04 .03
15 .02 .04 . Ol .03 .04 .03
25 0L .Oh .03 .03 .04 .03
30 0L .Oh .03 .03 .07 .03
52 .03 .04 .03 .03 .02 .03

8L :ou :OA .03 :03 :02 :03
92 .04 .O4 .03 .03 .03 .03

78.5 6 .06 .07 .07 .06 .06 .05
15 .06 .06 .07 .06 .06 .05
54 02 .01 .01 .01 .02 .03
2 .02 .03 .04 .03 .02 .03

90 .02 .OL .OL .02 ,02 .03

}—I

QO C OO




E-7902

(a) Lower ventral stabilizer removed and landing gear down

(ax.serr

. e

E-9908

(b) Rear side view of the vertical stabilizers with the
lower ventral stabilizer removed .

Figure 1.— X-15 airplane.
20



' 49.5

Figure 2.— Three-view drawing of X-15 airplane. Dimensions in feet.
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z, in.

83
— 78.5

Movable rudder
' co — 605
Hinge line

30° 45.5

— =

Side fairing

Landing skid———/ ////
(folded) . .o ‘) N VA A —— .37.5
| i

30°

I
Hinge line

Movable rudder

-73

Figure 3.— Orifice locations on the upper and the
lower vertical stabllizers.



Faired flight data
————— Wind-tunnel data 0

(8, = 0°) = ]
e
Flight zZ, in. o\ oo Y
o 78.5 o —
o 60.5 j
e 37.5 Horizontal stabilizer7 -3
A -37.5 y
C 1
LLanding skid B gt
S ]
> . 0
.M’ -
— Cp
.5
a=5° 3,=-2°
/ i =
o S Ol 0 < 0
- H ’//

X
e
\
\
\
\
\
\
3\
\
)
o)
T

C 1] _ ]
| S =
Lt TN -=fo0 //‘ ,/.l 0
1 ¢
H .5 5
@ =10°, §, = -8° a =15°, 8 = -10°

(a) M=1.0, dgp = 0°.

Figure 4.— Surface pressures on the X-15 vertical stabilizers.

Speed brakes closed.
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Faired flight data

————— Wind-tunnel data
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(b) M=1.2, 8gg =0

Figure 4.— Continued.
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C
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Cp cp
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= 0 ——— Faired flight data

————— Wind-tunnel data
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Figure 4.— Continued.
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C
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== TN ==—
C
Cp p
5 5
a= oo’ Sh = 0° a= 50, Sh = .9°
_0 Faired flight data
o - Wind-tunnel data
- 3y, = 0°)
. Cp
-0 Flight z, in.
I o 78.5
i o 60.5
u.s
o 37.5
A -37.5
0
= cp
I s

a =10°, B8 = -15°

(4) M= 3.0, B&gp=0°.

Figure 4.— Continued.
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Figure L.— Continued.
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Figure 4.— Continued.
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Faired flight data /LO’C —0—0—] 0
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o 375 1
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Figure 4.— Continued.
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Figure 4.— Concluded.
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Faired flight data /////// °
Flight z, in. Cp
(o] 78.5 1 .5
60.5
37.5 L
-37.5 < 77T 7, .

E><;\ [T
\ ~.5 Cp

1.0

> O 0

| — .

I

) s 1]

a=5° 8,= -4°

(a) M=1.2, &g =35°.

H o
/ N o ] 1 ©
/4?0‘;%% 271 o i
[1]]] \ /LA
i |
)( :.5 % :'.5
C ( ) :
& 177777]

S 10 i
A [IITIIT] l:}{\o/m [T
D(ﬁ/ \ Al s ¢ \4 5 <

1.0

o O

—i 1 1.1

a=5° §,=-N° a =10°, 3= -10°

(b) M =1.4, B&gg = 30°.

Figure 5.— Surface pressures on the vertical stabilizers.
Speed brakes extended.
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Figure 5.— Continued.
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Figure 5.— Continued.
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Figure 12.— Increase in hinge-moment coefficient caused by
deflection of speed brakes. o = 5°.
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